CHAPTER 41 

The Third and Fourth Heart 
Sounds 


KEY TEACHING POINTS 

The third and fourth heart sounds (S 3 and S 4 ) both originate from rapid diastolic 
filling of one of the ventricles. They are collectively called gallops. The S 3 dif¬ 
fers from the S 4 in timing and clinical significance. 

Right ventricular gallops appear at the left lower sternal border, intensify with 
inspiration, and are associated with abnormalities of the jugular venous wave¬ 
forms. Left ventricular gallops appear at the apex and diminish in intensity dur¬ 
ing inspiration. All gallops are best heard with the bell of the stethoscope. 

The S 3 is an early diastolic sound. It is associated with a dilated ventricle, sys¬ 
tolic dysfunction, and elevated filling pressures. The S 3 often quickly disap¬ 
pears after the patient is treated with diuretic medications. 

The S 4 is a presystolic sound. It is associated with a stiff ventricle, caused by 
ischemic, hypertensive, or hypertrophic cardiomyopathy. Once heard, the S 4 
usually persists unless the patient develops atrial fibrillation. Unlike the S 3 , the 
S 4 does not predict the patient’s hemodynamic findings. 


I. INTRODUCTION 

Although the third and fourth heart sounds (S 3 and S 4 ) are both sounds that origi¬ 
nate in the ventricle from rapid diastolic filling, they differ in timing and clinical 
significance. S 3 appears in early diastole and, if the patient is older than 40 years 
of age, the sound indicates severe systolic dysfunction or valvular regurgitation. In 
persons younger than 40 years of age, S 3 may be a normal finding (i.e., the physi¬ 
ologic S 3). 1 S 4 appears in late diastole, immediately before Sj, indicating that the 
patient’s ventricle is abnormally stiff from hypertrophy or fibrosis. If discovered in 
persons of any age, the S 4 is an abnormal finding. 

In the late 19th century the great French clinician Potain accurately described 
most features of S 3 and S 4 , their pathogenesis, and their distinction from other 
double sounds, such as the split S 3 or split S 2 - In his writings he called them gallops, 
a term he attributed to his teacher Bouillard . 2,3 


II. DEFINITIONS 

Several different terms have been used to describe these diastolic sounds. 

A. GALLOP 

A gallop is a triple rhythm with an extra sound in diastole (either S 3 , S 4 , or their 
summation). The term refers only to pathologic sounds (i.e., it excludes physiologic 
S 3 ) and, despite its connotation, a patient may have a gallop whether the heart rate 
is fast or slow . 2 - 11 
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346 PART 8 THE HEART 


B. THIRD HEART SOUND (S 3 ) 

The third heart sound is sometimes called the ventricular gallop or protodiastolic 
gallop.- It appears in early diastole, 120 to 180 ms after S2. 5 To mimic the sound, 
the clinician should first establish the cadence of the normal Sj ( lub) and Sj ( dup): 

lub dup lub dup lub dup 

and then add an early diastolic sound (bub):* 

lub du bub lub du bub lub du bub 

The overall cadence of the S3 gallop ( lub du bub) is similar to the cadence of the 
word Kentucky. 

C. FOURTH HEART SOUND (S 4 ) 

The fourth heart sound is sometimes called the atrial gallop or presystolic gallop.- 
To mimic the sound, the clinician establishes the cadence of Sj and S2 (lub dup) and 
then adds a presystolic sound (be): 

be lub dup be lub dup be lub dup 

The cadence of the S4 gallop (be lub dup) is similar to the cadence of Tennessee. ' 

D. SUMMATION GALLOP 

The summation gallop is a loud gallop that occurs in patients with tachycardia. 
In fast heart rhythms, diastole shortens, causing the events that produce S3 (rapid 
early diastolic filling) to coincide with those producing S4 (atrial systole). The 
resulting sound sometimes is louder than the patient’s Sj or S2. 

Not all gallop rhythms in patients with tachycardia are summation gallops. 
The only way to confirm the finding is to observe the patient after the heart rate 
slows. (In the past, slowing was often induced by carotid artery massage, although in 
elderly patients this is no longer recommended. See Chapter 16 .) If slowing causes 
the gallop to disappear or evolve into two distinct but fainter sounds (i.e., S3 and 
S4), it was a genuine summation gallop. If the sound evolves instead into a single S3 
or single S 4 , it was not a summation gallop. 4,7 

E. QUADRUPLE RHYTHM 

The quadruple rhythm consists of Si, S2, and both S3 and S 4 . * * * 4 It is an uncommon 
finding, usually only evident in patients with slow heart rates. It is sometimes called 
the train wheel rhythm because the sound resembles that produced by the two pairs 
of wheels from adjacent train cars as they cross the coupling of a railroad track: 1 ' 


be lub du bub be lub du bub 


be lub du bub 


* To pronounce the S3 gallop with correct timing, the “p” of dup (S2) must be dropped. In most 
patients the accent is on S2 (lub du bub), although in others it falls on Si or S3. The clinician 

can practice all three versions, always maintaining the same cadence, to become familiar with 

the varying sounds of S3. 

4 Canadian teachers have suggested different mnemonics for the timing of S3 and S 4 : Montreal 
(pronounced MON TRE al) for S3 and Toronto (tor ON to) for S4. 6 
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III. TECHNIQUE 

A. LOCATION OF SOUND AND USE OF STETHOSCOPE 

53 and S4 are both low-frequency sounds (20 to 70 Hz), bordering on the threshold 
of hearing. 8 Therefore they are best heard with the bell of the stethoscope, applied 
lightly to the body wall with only enough force to create an air seal. 2,5 Gallops that 
originate in the left ventricle are best heard with the bell over the apical impulse 
or just medial to it. They are sometimes only audible with the patient lying in the 
left lateral decubitus position. 9 Gallops from the right ventricle are best heard with 
the bell over the left lower sternal border or, in patients with chronic lung disease, 
the subxiphoid area. 2 '’ 

B. RIGHT VERSUS LEFT VENTRICULAR GALLOPS 

Aside from their different locations, other distinguishing features of right and left 
ventricular gallops are their response to respirations and association with other 
findings in the neck veins and precordium. Right ventricular gallops become louder 
during inspiration; left ventricular gallops become softer during inspiration. 10 The 
right ventricular S4 may be associated with giant A waves in the neck veins and 
sometimes a loud presystolic jugular sound (see Chapter 36). 11 The left ventricular 

54 may be associated with a palpable presystolic movement of the apical impulse 
(see Chapter 38 ). 

C. DISTINGUISHING THE S 4 -S, SOUND FROM OTHER 
SOUNDS 

Three combinations of heart sounds produce a double sound around Sp ( 1 ) the 
S 4 -S! sound, ( 2 ) split Sp and ( 3 ) Si-ejection sound. The following characteristics 
distinguish these sounds: 10 

1. USE OF THE BELL 

The S 4 is a low-frequency sound, best heard with the bell. Firm pressure with 
the bell on the skin—which tends to remove low-frequency sounds—will cause the 
S4-S1 combination to evolve into a single sound, in contrast to the split Si and the 
Spejection sound that remain double. 

2. LOCATION 

The S4-S1 sound is heard best at the apex, left lower sternal border, or subxiphoid area 
(see the section on Location of Sound and Use of Stethoscope). The split S t is loudest 
from the apex to lower sternal border but sometimes is also heard well over the upper 
left sternal area. The aortic ejection sound is heard from the apex to the upper right ster¬ 
nal border. The pulmonary ejection sound is restricted to the upper left sternal area. 12 

3. EFFECT OF RESPIRATION 

Although the S4 may become louder (RV S4) or softer (LV S4) during inspiration, 
respiration does not affect the interval between S4 and Sp In contrast, the split Si 
interval varies with respiration in up to one-third of patients. 

Expiration makes the pulmonary ejection sound louder. 12 The aortic ejection 
sound does not vary with respiration. 

4. PALPATION 

Only the S4-Si sound is accompanied by a presystolic apical impulse (see Chapter 
38 ). The intensity of the S4 (i.e., by auscultation) correlates moderately with the 
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amplitude of the presystolic impulse on apexcardiography (r = 0 . 46 , p < 0.01); simi¬ 
larly the palpability of the presystolic impulse correlates approximately with the 
amplitude of S4 on phonocardiography (r = 0 . 52 , p < 0 . 01 ). 14 


IV. PATHOGENESIS 

A. NORMAL VENTRICULAR FILLING CURVES 

Filling of the right and left ventricles during diastole is divided into three distinct 
phases (Fig. 41 . 1 ). The first phase, the rapid filling phase, begins immediately 
after opening of the atrioventricular valves. During this phase, blood stored in 
the atria rapidly empties into the ventricles. The second phase, the plateau phase 
(diastasis), begins at the moment the ventricles are unable to relax passively any 
further. Very little filling occurs during this phase. The third phase, atrial systole, 
begins with the atrial contraction, which expands the ventricle further just before 
the next Sj. 

B. VENTRICULAR FILLING AND SOUND 

Both S3 and S4 occur at those times during diastole when blood flow entering the 
ventricles temporarily stops (i.e., the S3 appears at the end of the rapid filling phase, 
and the S4 toward the peak of atrial systole) (Fig. 411 ). Sounds become audible 
if the blood decelerates abruptly enough, which transmits sufficient energy to the 
ventricular walls and causes them to vibrate (an analogy is the tensing of a hand¬ 
kerchief between two hands: abrupt tensing produces sound, whereas slow tens¬ 
ing is silent). 11 - 1 Two variables govern the suddenness of this deceleration and 
therefore whether gallops become audible: (1) the flow rate during entry and (2) 
stiffness of the ventricle. The greater the flow rate, the louder the sound. The stiffer 
the ventricle, the higher the frequency of the sound.-- Because gallops consist of low 
frequencies that are difficult to hear (around 20 to 50 Hz), anything increasing their 
frequency content (i.e., stiff ventricles) makes the sound more likely to be heard. 

Even though S3 and S4 both result from rapid flow rates into stiff ventricles, the 
diseases causing them differ completely. 

C. THE THIRD HEART SOUND (S 3 ) 

The S3 gallop appears when early diastolic filling is exaggerated, which occurs in 
two types of cardiac disorders. 

1. CONGESTIVE HEART FAILURE 

The most common cause of the S3 gallop is congestive heart failure from systolic 
dysfunction. In these patients the S3 indicates that atrial pressure is abnormally ele¬ 
vated, an especially important finding in patients with dyspnea, implying that heart 
disease is the principal cause of the shortness of breath. In addition to elevated 
atrial pressure, these patients typically have a dilated cardiomyopathy and low car¬ 
diac output. 5 ' 2 ' 1 Although both high atrial pressure (causing rapid flow rates) and 
cardiomyopathy (causing stiff ventricles) contribute to the sound, atrial pressure is 
the more important clinical variable, because the sound disappears as soon as pres¬ 
sure falls after diuresis. 

2. REGURGITATION AND SHUNTS 

Patients with valvular regurgitation or left-to-right cardiac shunts also may 
develop an S3 gallop, whether or not atrial pressure is high, because these 
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FIG. 41.1 TIMING OF THIRD AND FOURTH HEART SOUNDS. The figure depicts the 
three phases of diastolic filling of the left ventricle (y-axis on graph, ventricular volume; x-axis, time). 
The S 3 occurs at the end of the rapid filling phase, when passive filling suddenly decelerates. The 
S 4 occurs during atrial systole. Similar events on the right side of the heart may produce a right 
ventricular S 3 or S 4 (see text). 


disorders all cause excess flow over the atrioventricular valves. Patients with 
mitral regurgitation, ventricular septal defect, or patent ductus arteriosus may 
develop a left ventricular S3 from excess diastolic flow over the mitral valve into 
the left ventricle (in mitral regurgitation, the excess diastolic flow simply repre¬ 
sents the diastolic return of the regurgitant flow). Patients with atrial septal defect 
may develop a right ventricular S3 from excess flow over the tricuspid valve into 
the right ventricle. 
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D. THE FOURTH HEART SOUND (S 4 ) 

The S 4 gallop occurs in patients with hypertension, ischemic cardiomyopathy, 
hypertrophic cardiomyopathy, or aortic stenosis—all disorders characterized by 
ventricles stiffened from hypertrophy or fibrosis . 2,21 ' 23 Patients with the sound must 
be in sinus rhythm and have strong atrial contractions, and most have normal atrial 
pressures, normal cardiac output, and normal ventricular chamber size. Unlike the 
S 3 , the S 4 is a durable finding that does not wax and wane unless the patient devel¬ 
ops atrial fibrillation (and thus loses the atrial contraction). 

E. SUMMATION GALLOP AND QUADRUPLE RHYTHM 

The summation gallop occurs because fast heart rates shorten diastole, primarily by 
eliminating the plateau phase (Fig. 411), which brings the events causing S 3 close 
to those causing S 4 . Diastolic filling is concentrated into a single moment, thus 
causing a very loud sound. 

The quadruple rhythm typically occurs in patients who have had a long¬ 
standing S 4 gallop from ischemic or hypertensive heart disease but who then 
develop cardiac decompensation, high filling pressures, and an S 3. 7 

Rarely, an intermittent summation gallop may appear in patients with slow heart 
rates due to complete heart block (or VVI pacing ). 2 ' 1 The gallop appears only during 
those moments of atrioventricular dissociation when atrial systole and early dias¬ 
tole coincide (i.e., the P wave on the electrocardiogram falls just after the QRS). 
Although the sound is technically a summation gallop, the clinician perceives what 
sounds like an intermittent S 3 . 

F. PHYSIOLOGIC S 3 

Persons younger than 40 years of age with normal hearts may also have an S 3 sound 
(i.e., physiologic S 3 ) because normal early filling can sometimes be so rapid that it ends 
abruptly and causes the ventricular walls to vibrate and produce sound. Compared 
with healthy persons lacking the sound, those with the physiologic S 3 are leaner 
and have more rapid early diastolic filling . 1 The physiologic S 3 disappears by age 40 
because normal aging slows ventricular relaxation and shifts filling later in diastole, 
thus diminishing the rate of early diastolic filling and making the sound disappear . 27 


V. CLINICAL SIGNIFICANCE 

A. THE THIRD HEART SOUND 

1. CONGESTIVE HEART FAILURE 

EBM Box 41.1 shows that the presence of the S 3 gallop is a significant finding 
indicating depressed ejection fraction (likelihood ratio [LR] = 3.4 to 4.1; see EBM 
Box 411), elevated left atrial pressures (LR = 3.9), and elevated B-type natriuretic 
peptide (BNP) levels (LR = 10.1). Other studies confirm its value as a predictor 
of poor systolic function . 13,74 The absence of the S 3 gallop argues that the patient’s 
ejection fraction is greater than 30% (i.e., negative LR for ejection fraction <30% 
is 0.3; see EBM Box 41.1). 

In patients with a history of congestive heart failure, the S 3 predicts responsive¬ 
ness to digoxin 75 and overall mortality . 76 

2. VALVULAR HEART DISEASE 

In patients with mitral regurgitation, the S 3 is a poor predictor of elevated filling pres¬ 
sure (LR not significant) and depressed ejection fraction (LR = 1.9). 7i Some studies 
correlate the sound with severity of mitral regurgitation , 20 whereas others do not . 77 
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The Third and Fourth Heart Sounds 





Likelihood Ratio 1 

Finding 

Sensitivity 

Specificity 

if Finding Is 



(Reference ) 

(%) 

(%) 

Present 

Absent 

The Third Heart Sound 
Detecting ejection frac- 

11-51 

85-98 

3.4 

0.7 

tion <0.5 20, 28-31 

Detecting ejection frac- 

68-78 

80-88 

4.1 

0.3 

tion <0.3 29 ’ 30 

Detecting elevated left 

12-37 

85-96 

3.9 

0.8 

heart filling pres¬ 
sures 31 ' 3 '* 





Detecting elevated BNP 

41-65 

93-97 

10.1 

0.5 

level 35 ’ 36 

Detecting myocardial in- 

16 

95 

3.2 

NS 

farction in patients with 
acute chest pain 





Predicting postoperative 

17 

99 

14.6 

NS 

pulmonary edema 38,39 
Predicting postoperative 

11 

99 

8.0 

NS 

myocardial infarction or 
cardiac death 





The Fourth Heart Sound 
Predicting 5-year mortal- 

29 

91 

3.2 

NS 

ity in patients after 
myocardial infarction 4 ' 1 





Detecting elevated left 

35-71 

50-70 

NS 

NS 

heart filling pressures 33,41 
Detecting severe aortic 

29-50 

57-63 

NS 

NS 

stenosis 42,43 






^Diagnostic standard: for ejection fraction, left ventricular ejection fraction <0.5 or <0.3 (as 
indicated above) by scintigraphy or echocardiograph (see Chapter 48); for elevated left heart filling 
pressures, pulmonary capillary wedge pressure > 12 mm Hg 32 or left ventricular end-diastolic 
pressure > 15 mm Hg; 31 33,34.41 f or e / eva ted BNP level, > 100 pg/mL 35 or > 1525 pg/ml_; 36 for 
myocardial infarction, development of new electrocardiographic Q waves, elevations of CK-MB, or 
both; for severe aortic stenosis, peak gradient >50 mm Hg 42 or valve area <0.75 cm 2 . 43 
^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant, BNP, B-type natriuretic peptide. 

Click here to access calculator 

Continued 
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THIRD AND FOURTH HEART SOUNDS 


Probability 

Decrease Increase 

-45% -30% -15% +15% +30% +45% 



Absence of S 3 , arguing 
against ejection fraction <30% 


S 3 , predicting postoperative 
pulmonary edema 


S 3 , detecting elevated BNP level 

S 3 , predicting postoperative 
myocardial infarction 


S 3 , detecting elevated left heart 
filling pressures 


S 3 , detecting ejection fraction <50% 


S 3 , detecting myocardial infarction if chest 
pain 


S 4 , predicting 5-year mortality if 
myocardial infarction 


In contrast, the S 3 is a helpful finding in patients with aortic valve disease. In 
patients with aortic stenosis, the S 3 detects both elevated filling pressures (LR = 2.3 
for pulmonary capillary wedge pressures >12 mm Hg) and depressed ejection frac¬ 
tion (LR = 5.7 for EF <50%). 4; In patients with aortic regurgitation the S 3 detects 
both severity of regurgitation (LR = 5.9 for regurgitant fraction >40%, see Chapter 
45) and ejection fraction less than 50% (LR = 8.3 ). 20 

3. PATIENTS WITH ACUTE CHEST PAIN 

In patients with acute chest pain presenting to emergency departments, the find¬ 
ing of an S 3 increases the probability of myocardial infarction (LR = 3.2; EBM Box 
41.1). 

4. PREOPERATIVE CONSULTATION 

During preoperative consultation, the finding of S 3 is ominous, indicating that the 
patient, without any other intervention, has an increased risk of perioperative pul¬ 
monary edema (LR = 14-6) and myocardial infarction or cardiac death (LR = 8). 38 

B. THE FOURTH HEART SOUND 

The finding of the S 4 gallop has less diagnostic value, simply because the disor¬ 
ders causing stiff ventricles are so diverse and because the S 4 does not predict the 
patient’s hemodynamic findings. The finding does not predict ejection fraction, left 
heart filling pressures, or postoperative cardiac complications . 23,24,33,38,39 It also does 
not predict significant aortic stenosis in elderly patients with aortic flow murmurs, 
presumably because many patients with mild stenosis have the finding for other 
reasons, such as ischemic heart disease . 42,43 

Nonetheless, when detected 1 month after myocardial infarction, the S 4 is 
a modest predictor of 5-year cardiac mortality (LR = 3.2; see EBM Box 41.1). 
Experienced auscultators in the past did show that clinical deterioration in patients 
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with ischemic disease caused the interval to widen, which could be recog¬ 

nized at the bedside, but proper interpretation of this finding required knowledge of 
the patient’s PR interval, thus limiting its utility .* 4 In patients with chaotic heart 
rhythms, the finding of an S 4 excludes atrial fibrillation and suggests other diagnoses 
such as multifocal atrial tachycardia. 

The S 4 is rare in patients with chronic mitral regurgitation, because the dilated 
atrium of these patients cannot contract strongly. Therefore finding an S 4 gallop 
in a patient with mitral regurgitation is an important clue to the diagnosis of acute 
mitral regurgitation (e.g., ruptured chorda tendineae; see Chapter 46). 49 ' 51 

The references for this chapter can be found on www.expertconsult.com. 
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